ABSTRACT. Protected areas are a central pillar of efforts to safeguard biodiversity and ecosystem services, but their contribution to the conservation and management of European cultural landscapes that have complex spatial-temporal dynamics is unclear. The conservation strategy of biosphere reserves aims at integrating biodiversity and ecosystem service conservation with economic development by designating zones of differing protection and use intensities. It is applied worldwide to protect and manage valuable cultural landscapes. Using the example of a German biosphere reserve, we developed a framework to assess the effectiveness of Central European reserves in meeting their land cover related management goals. Based on digital biotope maps, we defined and assessed land cover change processes that were relevant to the reserve management's goals over a period of 13 years. We then compared these changes in the reserve's core, buffer, and transition zones and in a surrounding reference area by means of a geographical information system. (Un-)desirable key processes related to management aims were defined and compared for the various zones. We found that-despite an overall land cover persistence of approximately 85% across all zones-differences in land cover changes can be more prominent across zones inside the reserve than between the areas inside and outside of it. The reserve as a whole performed better than the surrounding reference area when using land cover related management goals as a benchmark. However, some highly desirable targets, such as the conversion of coniferous plantations into seminatural forests or the gain of valuable biotope types, affected larger areas in the nonprotected reference area than in the transition zone.
INTRODUCTION
Land cover change, specifically conversion of natural habitats to agricultural cropland, is a process through which humankind is coming close to irreversibly transgressing planetary boundaries in the course of global environmental change (Rockström et al. 2009 ). In Europe, land cover change has been a long-lasting, comprehensive, and spatially expansive process, so that almost all of its land surface is considered to be cultural (i.e., anthropogenic) landscape today (Farina 2000, Plieninger and Bieling 2012) . Many cultural landscapes have evolved gradually due to intensive interaction of people with land, and are generally characterized by longestablished practices that sustain a range of ecosystem services and high levels of biodiversity (Figueroa and Aronson 2006 , Jones-Walters 2008 , Takeuchi 2010 . But over the past 50 to 60 years, the rate and magnitude of land cover change has greatly accelerated (Antrop 2004) . On a global scale, land cover change has been predicted to have a greater impact on biodiversity loss in terrestrial ecosystems than climate change, nitrogen deposition, invasive species, or increased carbon dioxide concentrations (Sala et al. 2000) .
A key strategy to control worldwide land cover change has been the establishment of protected areas (Lovejoy 2006) . In 2004, the 7th Conference of the Parties to the Convention for Biological Diversity adopted the aim of establishing "a global network of comprehensive, representative and effectively managed national and regional protected area systems" (CBD 2004 : Dec. VII/28) targeted at effectively conserving 10% of each of the world's ecological regions (CBD 2004: Dec. VII/30) . Six years later, this goal was broadened to 17% of terrestrial and 10% of coastal and marine areas (CBD 2010: Dec. X/2). In fact, since 1990, the number of protected areas has increased by 58% and their extent by 48% (UN 2012) . In 2010, 13% of the world's terrestrial surface outside of Antarctica was covered by protected areas recorded in the World Database on Protected Areas (Bertzky et al. 2012) . Presently, 18% of land in the European Union is included in the Natura 2000 network of protected areas. Among the various types of protected areas, biosphere reserves have been highlighted as particularly well-adapted instruments for the conservation of biodiversity in cultural landscapes because of their inclusive strategy (integrating land uses in different intensities and different land ownership types) and their designation of multiple management zones with different foci: from total protection to more development-oriented aims (Schliep and Stoll-Kleemann 2010 ).
Yet, despite their formal protection status, most nature reserves are far from protecting biodiversity effectively. Many protected areas have experienced a significant erosion of biodiversity that affects a broad range of taxa and ecosystem services (Laurance et al. 2012) . The (in-)effectiveness of protected areas has been evaluated from global to regional Ecology and Society 18(4): 23 http://www.ecologyandsociety.org/vol18/iss4/art23/ scales (Leverington et al. 2010) . Common effectiveness assessments refer to reserve design and management processes, while ecological integrity-in particular, ecosystem structure and functioning, ecosystem services, viability of plant and animal species, and land cover-has been infrequently investigated (Figueroa and Sánchez-Cordero 2008) .
Protected areas are influenced not only by land cover change inside their borders but also by changes in areas surrounding them (Jones et al. 2009 ). Some comparative assessments of land cover change patterns in and around protected areas have been performed in tropical and subtropical regions, where the transformation of pristine landscapes, mainly through deforestation, is a primary process of change (Vasconcelos et al. 2002 , Mas 2005 , Figueroa and Sánchez-Cordero 2008 , Figueroa et al. 2009 ). Most of these studies have focused on the capacity of protected areas to preserve ecosystems in their "natural" state by halting land cover change. One of the few assessments of land cover change in European protected areas concluded that most reserves have been effective at protecting ecosystems within their borders, even in areas subject to substantial land use pressures. Habitat degradation was generally slowed down more effectively in larger reserves, which points to a challenge for nature conservation in the small-scale land use mosaics of many parts of Europe (Maiorano et al. 2008 ).
In methodological terms, assessment of land cover change in protected areas is hampered by the fact that most studies have not included the land surrounding reserves as a control. Most studies that have included such comparison were based on an arbitrarily and inflexibly defined spatial buffer (e.g., 2 km) around a reserve Sánchez-Cordero 2008, Maiorano et al. 2008) . However, environmental conditions, such as soil, slope, and distance to roads or settlements, can be far more influential on anthropogenic land cover change than an area's protection status. Therefore, it has been suggested that areas with comparable environmental characteristics be used as control sites rather than a mere spatial buffer (Mas 2005 , Chowdhury 2006 ).
To our knowledge, assessments of the ability of biosphere reserves to manage land cover change have not yet been performed for European cultural landscapes. Also, existing studies from other parts of the world have mainly evaluated the effectiveness of simply preventing land cover change rather than relating their assessment of effectiveness to the specific management goals of protected areas. Given the inherent dynamics of cultural landscapes, we believe this to be a barrier for evaluating protected area effectiveness under European conditions. Furthermore, the effectiveness of different zones within biosphere reserves has rarely been addressed. Consequently, we aim to fill these gaps by contributing a quantitative and systematic assessment method for biosphere reserves that specifically considers management goals and zonation. Taking a German biosphere reserve as an example, we compare land cover change inside and outside the reserve and analyze how these changes relate to its defined management goals. In particular, we ask the following research questions:
q What net change and persistence of land cover is found in the different zones of the study area?
q What are the key change processes, and where do they occur?
q Are there differences in land cover change in the core, buffer, and transition zones compared to the area outside the biosphere reserve?
q How do these changes relate to the management goals of the reserve?
METHODS

Study area
The Upper Lusatian Heath and Pond Area ecoregion stretches across an area of about 20 x 65 km in Saxony (eastern Germany), and shares its eastern border with Poland. It is part of the Saale glacial valley, characterized by a mosaic of sandy dunes and broad, marshy floodplains. Settlements (5%) and agricultural land (53%) are concentrated along the valleys and terraces, while lowlands and ridges are covered mainly by forests (35%) and water bodies (5%). The diverse mosaic of wetlands, marshlands, ponds, heather, dunes, and forests forms the third largest pond landscape in Europe. A peculiarity of the region is the large extent of human-made water bodies. Artificial ponds for carp farming were built as early as the 13th century. Until today, the complex system of ponds and ditches and its management have a major influence on landscape features and are important providers of biodiversity and ecosystem services. The water bodies constitute important breeding, resting, and wintering areas for many bird and amphibian species, and have an important influence on the landscape water regime (Biosphärenreservat Oberlausitzer Heide-und Teichlandschaft 1996) . In the northern center of the ecoregion lies the Upper Lusatian Heath and Pond Landscape Biosphere Reserve, which was founded in 1994 and received UNESCO recognition in 1996 ( Fig. 1 ) (Syrbe and Mannsfeld 2008) . The reserve covers an area of 30,102 ha and includes four categories of management zones, each with individual management aims (Table 1) . Foremost, 48% of the area is covered in forest, which in large parts consists of pine plantations. A major aim of the reserve management for all zones is to increase the proportion of more site-adapted deciduous forest. Lowland riparian and marshland forests, especially alder carr, are to be preserved. Altogether, the area covered in forest is supposed to be maintained below a threshold of 50% of the whole reserve. About one-third of the agricultural area consists of grassland. From the conservation perspective, the reserve's aim is to conserve and increase the area of extensively used grassland. Furthermore, especially in the buffer zone, conversion of the largest part of the available arable land into extensive grassland is desired (Biosphärenreservat Oberlausitzer Heide-und Teichlandschaft 2003) .
Study units
For analysis of land cover change, the study area was divided into five spatial units: (1) the total area of the reserve; the areas of the (2) core, (3) buffer, and (4) transition zones; and (5) a reference (i.e., control) area around the reserve for comparison. We chose to compare areas of similar environmental conditions (Mas 2005) , namely those within the same ecoregion. The ecoregion comprises an area of 109,889 ha, of which the reserve covers 26,972 ha. This reference area was considered large enough to serve as a baseline against which to judge differences in land cover (cf. Sánchez-Cordero 2008, Maiorano et al. 2008) . The northernmost parts (3130 ha) and the so-called regeneration zone (2014 ha, in total) of the reserve were excluded from the analysis because they are situated in a different ecoregion or have been heavily affected by former open-cast mining and would thus potentially distort results (Fig. 1 ).
Data base
We used maps derived from very high spatial resolution airborne imagery for our change analysis. Aerial photographs were the only available very high resolution data source in the early 1990s and are still widely used today for monitoring nature reserves. The change period considered in our case covered approximately 13 years, and the geometric accuracy of the digital map products was unknown a priori. We therefore opted to combine post-classification change analysis with a rigorous error analysis to strictly rule out any errors beyond random effects that are inherent in any kind of change analysis (Lu et al. 2004, Pontius and Millones 2011) . The digital land cover maps of the state of Saxony were provided by the Saxon Agency for the Environment, Agriculture and Geology. This data set consisted of vector data, which contained multi-level information on land cover, including the main group, subgroups, and information on specific traits and forms of utilization for each polygon (LfULG 1993 (LfULG , 2005 . 
Data analysis
Bi-temporal change analysis is commonly used to describe land cover change based on very high resolution remote sensing data (Loveland 2012) . Basically, there are two ways of handling such analyses-post-classification comparison and integrated analysis of an image stack (Coppin et al. 2004) . While the latter is preferred in terms of error propagation control, post-classification analysis is the method of choice if leveling geometric or radiometric inaccuracies between different data sets is of prime importance. In this study, control of geometric inaccuracies concerning the digitized maps was the reason for doing a post-classification comparison (Coppin et al. 2004 , Lu et al. 2004 . Data were aggregated into 11 land cover classes ( Table 2 ). The selection of classes was based on priority conservation goals, as stated in the reserve management plan. Beyond the management plan, we included oral information from biosphere reserve staff and more generic goals from the regional literature regarding land cover types that are valuable to biodiversity conservation and ecosystem services provision. A few areas (0.07% of the study area) had to be excluded from the analysis because no land cover information was available for them for the 1992 period. The vector data from 1992 and 2005 were intersected, which allowed a spatial tolerance of 8 m to account for digitization errors.
For each land cover class analyzed and in each spatial unit, the following parameters were calculated: total loss of area (ha), total gain (ha), net change (ha), persistence (ha), swap (ha), and percentages of the respective total and class areas. We followed Pontius et al. (2004) in their definition of swapping as being the case when the location of a category changes between time 1 and time 2, while the quantity remains the same (no net loss or gain in the category but loss in one place and gain in another place). We also calculated the classwise relative changes between 2005 and 1992 because this relation is more meaningful for evaluating land cover changes of small classes than is the mere percentage of total change. For example, marshlands provide important ecosystem services in the reserve but cover only a small amount of its total area.
To calculate the area transitions between classes, we built a cross-tabulation matrix. In each study zone and for each combination of classes, we calculated the area of transition http://www.ecologyandsociety.org/vol18/iss4/art23/ and the expected area in terms of loss (Pontius et al. 2004 ). This value shows the area a transition between two given classes would have covered had the area lost in one class been replaced randomly by all of the other classes according to their share of the total landscape. In addition, we calculated the relation of real loss divided by expected loss in order to estimate whether a transition between two given classes was more likely to occur (for values > 1) or less likely to occur (values < 1) than if randomly distributed (Appendix 1).
Based on the priority conservation goals, as stated in the management plan and derived through discussion with reserve managers, we defined six key processes (cf. Feranec et al. 2010) , each of which denoted a transition of certain land cover classes on a given polygon from 1992 to 2005 (Table 3) The absolute and relative changes for each zone of the protective area as well as the reference zone were summed. We then analyzed all changes relative to total area as well as relative to the area of the initial classes, where applicable.
RESULTS
Overall patterns of land cover change
Inside the biosphere reserve, various forest types (coniferous, deciduous, mixed, and riparian) were the dominant land cover in both 1992 (44%) and 2005 (50%) (Fig. 2 ). Fig. 3 shows that increase in forest cover by more than 5% of the total landscape was the largest net gain any land cover class experienced.
Coniferous forests (mainly plantations of Pinus sylvestris)
held the largest share in 1992 and 2005, with 35% and 37%, respectively, and together with mixed forests showed the greatest net increase in area (2% of the landscape). Arable land was second in land cover inside the reserve in 1992 (19%) but had gained only slightly less than 1% by 2005. Intensive grassland, the third most dominant class, covered 13% in 1992 and had the greatest net loss by 2005 (2%). In the reference area, the most dominant class was arable land (33% in 1992), followed by forest (30% in 1992). Both arable land and all types of forest each gained approximately 2% of the landscape. Similar to the development inside the reserve, intensive grassland, starting from 17% in 1992, suffered the greatest net loss (3%) in the reference area. In both areas, water bodies and built-up land (settlement, infrastructure) remained relatively stable.
Transitions and persistence of land cover classes
Overall persistence of land cover was relatively high (84-86% of initial class areas) inside and outside the reserve as well as in each of the core, buffer, and transition zones (Table 4) .
Of all classes, intensive grassland showed the greatest net loss inside and outside the reserve (14% and 17%, respectively). Inside, persistence was 72%, and 14% were swapped. Outside, persistence was 68%, and 15% were swapped. In the core zone, a 74% net loss was observed, while intensive grassland lost 13% of its original area in the buffer and transition zones.
Extensive grassland, which covered less than 1% of the inside and outside landscape areas in 1992, displayed considerable net gains of 67% (inside) and 36% (outside). At the same time, extensive grassland had the smallest persistence value inside and outside the reserve (52% and 50%, respectively). Half of the 1992 extensive grassland was swapped to other locations. The largest net gain was in the transition zone (523%).
Deciduous and mixed forest increased by 40% and 48%, respectively, inside the reserve, while coniferous forest gained only 5%. The core zone was the only zone where deciduous increased more than mixed forest (29% versus 20%). Outside the reserve, coniferous gained only slightly (< 1%), while deciduous forest showed a net gain of 22%, and mixed forest gained 28%. Of all classes, coniferous forest displayed the greatest persistence inside the reserve (96%). Meanwhile, riparian forest suffered a slight loss (< 1%) inside but gained 17% outside the reserve.
Marshland and bogs covered only a small proportion inside and outside the reserve (0.8% and 0.2%, respectively). Therefore, small area changes for this class led to significant percentage changes. Inside the reserve, a net gain of 20% was found, while 28% was swapped and only 72% persisted. Outside, 11% of their original extent was lost, and there was little persistence (56%) and a large share of swapping (33%).
Water bodies showed great persistence at 96% both inside and outside the reserve, which made them one of the most stable land cover classes, in line with coniferous forest. Inside the reserve, they lost less than 1%, while outside they gained a net 3%. The greatest loss occurred in the core zone, where 16% net loss and a swap of 19% were measured.
Infrastructure lost a net 12% inside and 4% outside the reserve. Persistence was slightly below total persistence (83% outside, 79% inside). In the core zone, infrastructure experienced the greatest net loss (84%), with only 16% persisting and no gain at all; in the buffer zone 67% of the infrastructure area disappeared. In the transition zone, however, 85% of the infrastructure persisted and only a net loss of 6% occurred.
Inside the reserve, arable land gained a net 3%, and had a persistence of 90% and a 10% swap. Outside, similar developments were seen with a persistence of 92%, an 8% swap, and a net gain of 6%. Hardly any arable land was contained in the core zone.
Woodland and heathland showed little persistence inside and outside the reserve (25% and 29%, respectively), and lost 55% and 27% of coverage, respectively. Approximately 86% of woodland and heathland loss in the biosphere reserve and 78% in the reference area were due to transition from unspecified reforestation areas (which were not included in the different forest type classes) to coniferous, deciduous, or mixed forest. Table 5 reveals some differences in key land change processes (as defined by the reserve management plan) inside and outside of the biosphere reserve. For three of the six processes (intensification and extensification of cropland and grassland, and soil sealing), the areas inside the reserve performed better in terms of management goals than the reference area outside. We found no clear differences between inside and outside for seminatural forest conversion or loss of valuable biotopes. In terms of gains in valuable biotope area (net change and percent), the reference zone corresponded better to the conservation management goals than did the reserve. Table 6 shows the differences in key processes among the various zones and the reference zone. Land cover change in the core and buffer zones corresponded better to management goals in terms of intensification and extensification of agricultural land than in the transition zone and reference area. Agricultural intensification was marginal (< 0.1% of the landscape, concentrated on a few relatively small and scattered patches) in the buffer and transition zones and the reference area but not at all in the core zone. The highest relative amount of agricultural intensification was found in the transition zone, where more than 36% of lands used extensively in 1992 were intensified, followed by the reference area with more than 27%. The highest relative amount of agricultural extensification took place in the core zone (67%). The reference area had the lowest amount of extensification in percent of the landscape and percent of originally intensively used land.
Key processes related to reserve management
Regarding new infrastructure/soil sealing processes, the reserve also corresponded better to management goals than did the reference area. While the largest absolute and relative rates of new infrastructure development were observed in the reference area (with 1.3% of its total area being converted into built-up land), no areas were sealed in the core zone and hardly any (< 0.1%) were in the buffer zone. Most new built areas were converted from intensive grassland or arable land (Appendix 1).
Seminatural forest conversion took place on approximately 1% of the landscape inside and outside the reserve. In the buffer zone, the largest percentage of landscape was converted (1.5%), whereas, related to original coniferous forest area, the largest share was converted in the reference area (4.7%). The smallest conversion rate, related to total area and also to original coniferous area, was observed in the transition zone. In all zones, by far the largest share of converted coniferous forest was changed to mixed forest classes.
All zones gained significantly more valuable biotope areas than they lost in the studied period. The strongest net increase (gains minus losses) was found in the reference area (1.4% of the landscape), closely followed by the core and transition zone (1.2% each). Almost no loss occurred inside the core zone. Losses in the buffer, transition, and reference zones remained under 1%, with the buffer zone losing most (0.8%) and the transition zone losing the greatest share of original valuable biotopes (4.5%). The biggest gain of valuable biotopes took place in the reference and transition zones.
DISCUSSION
Effectiveness of biosphere reserve management in Upper Lusatia
In broad terms, land cover distribution is relatively similar inside and outside the studied nature reserve. This indicates that establishment of the Upper Lusatia reserve is a textbook case of implementing the UNESCO Man and Biosphere philosophy that aims to protect nature within ordinary cultural landscapes rather than to set aside landscapes with outstanding natural characteristics. Settlement and infrastructure take up comparatively small shares because the study area is among the least densely populated and most geographically marginal areas of Germany. Forest and water bodies occupied larger http://www.ecologyandsociety.org/vol18/iss4/art23/ shares within the nature reserve than outside, both before and after its official designation. Compared to global land cover transitions (Foley et al. 2005 ) and land change in other parts of the world, absolute change in land cover for the study area was relatively small over the 13-year period, exhibiting an overall persistence of 84-85%.
The increase in forest area by 6% of the landscape within the studied period-by 2005, almost reaching the threshold of 50%-is due mostly to natural succession of open woodland and heathlands and to reforestation. Because the management plan of the biosphere reserve aims at a forest cover of not more than 50% of total land area, specific management measures may be needed to halt further increases in forest area. Forest loss is obviously conceived to be less of a threat in the reserve than loss of other, valuable habitat types, such as heathland and dunes due to succession processes. The aim of increasing the deciduous and mixed share of forest in the reserve has been met in all three zones as well as the reference area, with little difference between the zones, and even the greatest share of originally coniferous forest having been converted in the reference area. On the one hand, the core and buffer zones already had a greater share of deciduous and mixed forest than the reference area in the first place, which left less room for improvement. On the other hand, the same incentive schemes for seminatural forest conversion apply to forest management both inside and outside the protected areas.
Similar driving forces also influence extensification and intensification inside and outside, including agrienvironmental schemes and legal provisions that restrict grassland to cropland conversion. After the breakdown of the socialist system, a dramatic drop in suckler-cow husbandry led to a decline in intensive grassland. Moreover, dairy cattle are hardly kept on grassland any more but rather in permanent housing systems. Nevertheless, we can see differences between the various zones in terms of cultivated land (extensification and intensification). To a certain degree, the differences in land cover development are the result of voluntary projects promoted by the reserve management. For example, 55 ha of wildflower meadows to support beekeeping and wild pollinators were created in cooperation with farmers and beekeepers. Also on a voluntary basis, the Förderverein Oberlausitz, a regional booster organization, manages approximately 500 ha of marsh and other valuable meadows.
Another project initiated by the reserve is the cultivation of traditional cereal crops, and the special marketing thereof. The German Environment Foundation has acquired 3000 ha of forest in the reserve to manage in a conservation-oriented way.
Marshes and bogs, albeit of very small extent relative to the total area, showed clear differences in their development inside and outside the reserve. While in the reference area a net loss of 10% occurred, inside the reserve, marshes and bogs gained 20% over their original area. The increase in swampy areas may be due to several reasons. Historically, swamps made up about one-fifth of the area of the study region due to existing geological conditions and high groundwater levels. During the 1970s and 1980s, agricultural intensification brought about high levels of amelioration, and groundwater levels were lowered deliberately for the sake of lignite mining. In the drained soil, organic material became mineralized, and the soil subsided and literally sunk down. Following these extreme amelioration measures and after one of the large mining sites was closed down and flooded, groundwater levels slowly began to rise again, which resulted in the flooding of some areas. Today, in the core zone, no management measures apply, which has led to ditches being blocked by debris and sedimentation. Consequently, water levels have been rising further inside the core zone, and thus are affecting the surrounding buffer zone's water levels. The increase in swamps is therefore due to management measures and processes out of the reserve management's influence.
Looking at the development of our six key processes in the various zones under study, we see that processes have generally corresponded best to management goals in the core and buffer zones but less so in the transition zone. Exceptions were the gain of valuable biotopes and forest conversion, http://www.ecologyandsociety.org/vol18/iss4/art23/ Table 6 . Comparison of key processes in the three management zones and outside the reserve (A = % of total area covered, B = % of total area covered by original classes in 1992, C = % of original classes converted by process, bold = best performance). which were well distributed over all zones. In general, the results for the change processes exhibit a gradual development from the core to the transition zone and eventually to the surrounding reference zone. In the case of intensification, share of valuable biotopes lost, and seminatural forest conversion, the transition zone was found to be even less effective in terms of management goals than was the surrounding reference zone.
Process
For the future, considerable landscape dynamics may be expected for the area. Efforts of fostering conservationfriendly land management will certainly be ongoing. However, the area-just as land use in Germany in generalis strongly shifting toward intensification of agriculture (and partly also of forestry). A major driver is Germany's "energy shift" away from nuclear energy toward renewable energy uses, which provides powerful incentives for farmers to grow energy crops (Plieninger et al. 2006) . In contrast, consumption of land for expansion of settlements and infrastructure areas will probably remain limited because population numbers in the study area are likely to further decrease. This development, together with a likely reduction in available public funds for nature conservation measures, will pose challenges on professional reserve managers and voluntary conservation activists to retain the high nature value of the reserve, which to a large degree depends on continued conservation management.
Insight into the ability of protected areas to control land cover change Taken together, our results indicate a remarkable effectiveness of the reserve to manage key land change processes along desired paths. The findings are in line with the results of a meta-analysis of 49 protected areas in 22 countries (Nagendra 2008) , where most protected areas in North America and Europe exhibited desired directions of land cover change. In an assessment of 716 protected areas in Italy, based on CORINE land cover data, Maiorano et al. (2008) demonstrated that the observed areas were effective at slowing down land cover change compared to their surroundings. Their findings suggested that only in a change towards more artificial land cover classes do differences become evident, but in change towards more natural cover classes, differences between protected areas and their surroundings do not emerge. Our results partly back up these findings: in contrast to intensification, soil sealing, and valuable biotopes lost, the protected zones in our study area did not exhibit better development in terms of relative and net gain of valuable biotopes.
The studied period corresponds with Eastern Germany's tumultuous transition period following the end of communism. Compared to other European countries affected by similar political changes, the forest cover in all zones exhibited remarkable persistence of up to 97%. Net increase in forest area was greater than, for example, the numbers that Kuemmerle et al. (2009b) found in Romania during a similar time span (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) . A major difference to other countries in the formerly socialist Central and Eastern Europe (Kuemmerle et al. 2009a ) may be in German forestry legislation, which was quickly adopted in the early 1990s and effectively controls illegal logging and forest conversion. At the national level, Germany experienced hardly any change in total forest cover between 1990 and 2005, with a slight tendency toward forest expansion (FAO 2006) . http://www.ecologyandsociety.org/vol18/iss4/art23/ As Ewers and Rodrigues (2008) argue, the conservation success of a protected area is likely to have an adverse impact on the land directly surrounding it, which in our case is the transition zone that is not formally protected by law, as opposed to the core and buffer zones of the reserve. Moreover, studies from other parts of the world have shown that development on land surrounding protected areas has a significant influence on what happens inside those protected areas DeFries 2007, Leroux and Kerr 2012) . Especially, smaller protected areas have been found to be part of larger socioeconomic systems, and follow the development trends those systems provide (Maiorano et al. 2008) . The proximity to settlements is another factor that influences conservation success in and around protected areas (Alados et al. 2004 , Nagendra et al. 2010 ). Thus, a less rigid protection status, spatial proximity to settlements, and possibly leakage effects are likely to explain why the transition zone shows very similar or even worse results than the reference area. On the other hand, the strict protection status of the core zone is also likely to influence the buffer zone positively in some respects, as in the example of wetland propagation around the core zone. Walker and Solecki (1999) found quite similar results for a biosphere reserve in the U.S. Like the Upper Lusatia, the New Jersey Pinelands reserve is embedded in an actively used cultural landscape. Similar to the results of our study, their calculations regarding land conversion and development reveal a clear graduation from the core to the transition zone, with an even higher percentage of converted land in the transition zone than in the surrounding control areas. These results were to a large extent due to the reserve's management rather than to other factors, such as population and household growth or land supply and demand.
Remaining uncertainties
The accuracy of our assessment depends to a high degree on the resolution of the available data. We were lucky to be able to use land cover maps that are publicly available in Saxony and show a high resolution compared to, for example, the CORINE land cover data used in many similar assessments in Europe. The validity of the given data must however be regarded with caution. Classification errors cannot be ruled out completely, but a formal accuracy assessment has not been carried out by the responsible state agency. We observed, for example, high degrees of swapping in swamps, especially with water, extensive grassland, and carr. Compared to 1992, which was a period with very little rainfall in the region, 2005 was a very wet season. We cannot rule out classification errors due to some meadow or forest areas being mistakenly classified as swamp in 2005 or vice versa. Similar difficulties were apparent for intensive grassland and arable land laying fallow. Summarizing water and marsh/bog in the "valuable biotopes gained/lost" processes and arable/intensive in the "intensification/extensification" processes has helped minimize that bias.
Another important point to consider is that land cover change is only one of several stressors of protected areas. Many other threats are more subtle (e.g., increase in fertilizer and pesticide inputs on arable land, water pollution, grazing management) and cannot be grasped through land cover change analysis. Also, our study focuses exclusively on the spatial extent of land cover changes, meaning for example that small-scale changes in standing biomass within one land cover class or the quality of water bodies were not considered in the assessment.
When assessing the effectiveness of a protected area by comparing land cover change processes inside and outside its boundaries, leakage effects may be a confounding factor but could not be grasped in our study design. It is a common phenomenon that the restriction of land use activities inside a protected area can prompt a mere shift of these activities to other sites instead of halting them, thus causing a stronger negative impact outside the reserve. We therefore have to consider the effects a reserve may have on a wider area than merely within its own boundaries. The same effect can also create bias in evaluating the relative effectiveness of a reserve in comparison to adjacent reference zones (Ewers and Rodrigues 2008, Dewi et al. 2013 ).
The time span covered in this study also needs to be justified. The 1992-2005 period marks the first 13 years of reserve management in Upper Lusatia. Going further back in time would not have yielded much more information on management effectiveness because the reserve did not exist before 1992. At the same time, coinciding with the years following German unification, this was a period of great political and socioeconomic change with potentially high land use dynamics Plieninger 2011, Plieninger et al. 2012) and was therefore of interest to us. Good data availability further backed up the decision in favor of this comparably short time span.
CONCLUSION
There is an abundance of studies on land cover change in protected areas in tropical forest ecosystems which have focused mainly on deforestation and forest degradation (Nagendra et al. 2010 , Mehring and Stoll-Kleemann 2011 , Barber et al. 2012 ). In the context of Central European cultural landscapes, deforestation rates or overall land cover change are not suitable indicators of management (in-)effectiveness because these landscapes have been shaped and characterized by dynamic human uses and ongoing alteration for centuries (Antrop 2005) . The abundant variety of ecosystem services that these landscapes provide is to a great degree dependent on human use and influence on the landscape. Studies of reserve effectiveness that acknowledge the peculiarities of such inherent landscape dynamics are largely missing. Our study has incorporated these specifics by defining and assessing (un)desired key processes of land cover change in http://www.ecologyandsociety.org/vol18/iss4/art23/ such landscapes. Considering processes rather than a static reference condition has proved to be a useful means of assessing the success of biosphere reserve management.
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